This review has been registered in PROSPERO (international prospective register of systematic reviews; http:// www. crd. york. ac. uk/ PROSPERO/ ): identifier CRD42015025880. CONTEXT: Parents often manage complex instructions when their children are discharged from the inpatient setting or emergency department (ED); misunderstanding instructions can put children at risk for adverse outcomes. Parents' ability to manage discharge instructions has not been examined before in a systematic review.
Improving pediatric transitions of care has become a topic of national interest both in terms of improving family-centered care and reducing posthospitalization morbidity. 1, 2 Poor communication between providers and patients and their families can make this transition difficult, leading to suboptimal management of discharge instructions and contributing to postdischarge adverse events. 1, 2 Discharge instructions are often complex and involve multiple domains, including medications, follow-up appointments, concerning symptoms to act on (return precautions), and diet and activity restrictions. 3 -6 Given that discharge plans are complex and patients are at risk for poor outcomes postdischarge, it is important to examine whether patients and families understand and can adequately manage these instructions. Patients often misunderstand or are unable to recall elements of their discharge instructions related to their medications, follow-up appointments, return precautions, and diagnoses after inpatient or emergency department (ED) discharge. 7 -11 Furthermore, patients may have difficulty executing (following or implementing) these instructions; common errors include medication nonadherence and missed follow-up appointments. 5, 6, 10 A majority of work in this field has come from the adult literature, 12 with limited study in pediatrics.
To date, few studies have comprehensively addressed parents' ability to manage their children's discharge instructions. Management of discharge instructions in children presents unique challenges compared with those faced by adults managing their own care, including dosing liquid medications and knowing when to return to school. Furthermore, there is a growing population of admitted children with chronic medical problems who are dependent on equipment, increasing discharge plan complexity. 13 Although others have reviewed the inpatient discharge process in general 1, 2, 12 and communication issues among adult and pediatric patients after ED discharge, 14 no authors of a systematic review have examined parental management of inpatient or ED discharge instructions. Our objective with this article is to perform a systematic review of the literature related to parental knowledge and execution of inpatient and ED discharge instructions.
MeThods
The protocol for this review was registered (PROSPERO ID: CRD42015025880) and is available at the following site: http:// www. crd. york. ac. uk/ PROSPERO/ display_ record. asp? ID= CRD42015025880
Literature search
A medical librarian (J.N.) with training in systematic review methodology searched PubMed/ Medline, Embase, Cumulative Index to Nursing and Allied Health Literature, and Cochrane CENTRAL for studies from database inception to January 1, 2017. The search strategy combined keywords and Medical Subject Headings terms for 3 concepts: parents, caregivers, and children; patient discharge, physician instructions, follow-up, and adherence; and inpatient or ED settings. See Supplemental Information for the full search strategy used in PubMed. The first author (A.F.G.) identified additional potential studies through reference tracking of included studies. See 
study selection
Studies were eligible for inclusion if they met the following criteria: (1) original experimental (randomized and nonrandomized interventions) or observational (including cohort, casecontrol, and cross-sectional) studies; (2) inpatient (including pediatric ward and ICU) or ED settings; and (3) studies in which caregiver (or adolescent) knowledge or ability to execute discharge instructions (overall or related to medications, follow-up appointments, restrictions, return precautions, diagnosis, or equipment [domains initially chosen a priori on the basis of adult literature 3 -11 and further modified after an initial search]) for children <19 years old related to the reason for the visit were evaluated. To focus our search on parental management of instructions related to the acute issues surrounding their child's ED visit or hospitalization, we did not include studies in which long-term outcomes (>30 days after discharge) or general disease knowledge were examined or studies from other settings such as the newborn nursery, NICU, outpatient clinic, or psychiatric hospitals, given that these are distinct populations with instructions that may focus on long-term general care, chronic medical issues, or distinct problems; readmissions from these settings may not be related to the discharge diagnosis. 16 -24 Studies in which researchers examined unplanned postdischarge visits (eg, readmissions, ED visits) without also specifically assessing knowledge or execution of discharge instructions were also excluded. We also excluded review articles, commentaries and editorials, and proposals for new studies as well as studies with a focus primarily on adults (>50% of patients >18 years old), provider outcomes, analyses of discharge instructions themselves (eg, content, readability), and patient opinions and/or satisfaction, because these were not original studies assessing pediatric discharge plan knowledge or execution. Conference abstracts were excluded (there was already a large volume of studies being screened), and studies in which researchers examined outcomes that were measured after multiple admissions (which allows for multiple sets of instructions and an unclear time line of what instructions were given when) were also excluded.
In accordance with Cochrane 25 and Agency for Healthcare Research and Quality 26 guidelines for selection of studies for inclusion, we followed a 2-step screening process to reduce bias. Two authors (A.F.G. and either J.S.F., C.B., T.S., N.G., or H.S.Y.) independently screened the titles and abstracts of studies identified in the literature search for potential relevance on the basis of the screening criteria by using a web-based tool (Covidence systematic review software; Veritas Health Innovation, Melbourne, Australia. Available at: www. covidence. org). A third author from the above group resolved any disagreements. For records identified as potentially relevant in the initial screen, full-text articles were reviewed by the same group of 2 independent authors (with the third author resolving disagreements); eligibility was determined by using the abovementioned screening criteria. Full-text articles written in a language other than English were translated into English by a native speaker.
data extraction, Assessment of Quality, and Risk for Bias
Data related to study characteristics (first author, year, country, language), study design, methods, parent and child characteristics, and outcomes were independently extracted and summarized by 2 authors (A.F.G. and either M.F. or J.S.F.) using a structured form. Studies were categorized by domain (medications, follow-up appointments, return precautions, restrictions, diagnosis, equipment, general instructions [evaluating overall management without a specific domain mentioned]) and type of management (knowledge or execution). These authors also independently assessed risk of bias for each study by using the Quality Assessment Tool for Quantitative Studies, developed by the Effective Public Health Practice Project; this tool assesses selection bias, study design, confounders, blinding, validity and reliability of collection tools, and subject withdrawals. These component ratings were used to assign a global rating (strong = 0 weak components, moderate = 1 weak component, weak = ≥2 weak components). 27 Cases of disagreement were resolved by a consensus discussion and by a third reviewer if necessary.
ResULTs

Article selection
Of the 15 863 records identified, there were 9570 unique studies; their titles and abstracts were screened (Fig 1) . A total of 9412 records were excluded because of lack of relevance on independent review by 2 authors. The remaining 158 articles were screened in full; 99 were excluded (Fig 1) . The remaining 59 articles, along with 5 articles identified through reference tracking of included studies, were included in the final analysis.
Risk of Bias
Only 8 28 -35 of the 64 studies had a strong quality rating. 27 A majority (n = 39) had a weak rating, whereas 17 36 -52 had a moderate rating (Table 1) . Only 10 studies had a low likelihood of selection bias (individuals likely to be representative of the target population and ≥80% agreed to participate).* There were only 4 studies for which the authors were clear that outcome assessors were blinded to intervention and exposure status and that study participants were blinded to the research question. 32, 36, 45, 48 Only 19 studies had evidence of validity and reliability. † See Supplemental Table 2 for individual components of quality assessment.
Characteristics of Included studies
Studies were conducted between 1985 and 2016. There were 48 ED and 16 inpatient studies. Twenty-five were prospective cohort studies, ‡ 18 were randomized controlled trials, § 8 were nonrandomized controlled clinical trials, 65, 72, 79, 83 , 86 -89 6 were cross-sectional studies, 53, 54, 82, 90, 91 4 were retrospective cohort studies, 28, 29, 37, 41 2 were quality improvement studies, 55, 70 and 1 was a case-control study. 34 Knowledge was examined in 20 studies, whereas execution of instructions was examined in 48 (some studies had >1 category that was examined; see Table 1 ). One article, published in Chile, was written in Spanish. 54 The remaining articles were written in English; 73% of all studies were performed in the United States. Other studies were performed in Canada, 33, 36, 38, 52, 57, 69, 86 Israel, 82, 83 Australia, 59 Rwanda, 39 Taiwan, 89 India, 79 Uganda, 87 Saudi Arabia, 53 and Switzerland. 65 In the following sections, studies will be summarized by domain of care. Table 1 summarizes pertinent information about these studies, while Supplementation Table 3 provides more detailed information.
Medications (28 Studies)
Medication knowledge was assessed in 11 studies. ¶ Researchers for many studies assessed knowledge of multiple subdomains of medication instructions (eg, dose, frequency, duration) as a conglomerate outcome, 49, 54, 61, 82, 83 whereas researchers for 1 study assessed whether parents were aware if a change was made to the medication regimen. 56 The percent of parents with accurate subdomain-specific knowledge varied on the basis of the study and specific subdomain: 62% to 94% knew the correct medication dose, 50, 53, 65, 81, 90 94% frequency, 50, 53, 65, 81 24% to 87% name, 50, 53, 61 34% to 65% duration, 53, 65 70% to 91% indication, 50, 65 and 47% side effects. 53 Studies in which execution of medication instructions was assessed fell into 2 categories: medication dosing or adherence. Researchers for 4 ED (and no inpatient) studies examined medication dosing by using an observed dosing assessment. 50, 75, 90, 91 Between 42% and 48% of parents made errors in dosing prescription medications, 50, 90, 91 whereas 32% to 40% dosed as-needed medications incorrectly 50, 75 ; errors were defined as >20% deviation from prescribed dose 50, 90, 91 or dose outside of dose range specified on a provided standardized chart. 75 In 1 study, dosing errors were reduced among parents when they received an intervention focused on provider demonstration of measurement of liquid medications and teach-back (specifically "show-back"), facilitated by health literacy-informed, pictogram-based instruction sheets. 50 Researchers who studied medication adherence focused on prescription pickup rates, parental report of medication adherence, and dose counters. Parents failed to pick up prescriptions 7% to 37% of the time. 37, 38, 58, 69, 74, 81, 84, 85 Parental report of nonadherence to medications ranged between 21% and 38% (nonintervention groups); errors were defined on the basis of self-reported adherence scales or by counting the number of doses parents reported giving. 50, 59, 62, 78 Researchers for 2 studies examined medication adherence by using more objective methods, including electronic pill box monitoring 39 and a dose counter. 36 Improved adherence was seen with interventions involving standardized printed instructions, 36 a physician dosing demonstration and observed dosing, 62 and tailored education sessions. 51 Variables associated with more medication errors included having multiple medications, 61 Follow-up Appointments (34 Studies) Researchers for 3 studies assessed knowledge of follow-up appointment instructions, 53, 56, 61 with up to 64% of parents not being aware of important follow-up information. 53 Researchers for 32 studies examined rates of follow-up appointment attendance (by parental report or electronic medical record review).** Between 28% and 62% of families missed appointments after inpatient discharge. 51, 55, 70, 71 Between 16% and 81% of parents missed follow-up appointments after ED visits. † † Factors associated with and/or barriers identified by parents to missed follow-up appointments included a diagnosis of low acuity (parental report or diagnoses predefined by authors), 73, 77, 84, 85 having public or no insurance, 41, 43, 84, 85 being of a minority race/ethnicity, 42, 43 having an older child, 41, 43 having multiple appointments, 61, 71 being non-English speaking, 42, 85 and having school or work conflicts. 31, 73 Rates of missed appointments were reduced when appointments were made for patients before discharge 30, 44, 70 or when follow-up phone calls reminding them of the appointment were conducted. 44, 45, 58, 70 Return Precautions (8 Studies) Researchers for 8 studies (2 inpatient 33, 79 and 6 ED 49, 53, 64, 72, 80, 86 ) examined parental management of return precaution instructions. Between 70% and 94% of parents did not recognize important signs and symptoms consistent with their child's diagnosis. 49, 53, 80 Return precaution knowledge was higher when a discharge facilitator helped Inpatient Maternal general knowledge scores of home care regimen at 1 wk and 1 mo postdischarge were significantly higher than pretest scores in the intervention (parent educated and participated in care of infant during hospitalization, home visits, phone calls plus usual care) compared with the control (usual care) group (4-point score increase versus unchanged score; P < .05)
Weak
Yin et al 50 Medications RCT ED Medication dose knowledge errors were less likely in the intervention (enhanced counseling with dosing demonstrating how and teach-back facilitated by plain language, pictogram-based instruction sheet) compared with the control (standard counseling) group (0% vs 15%; P = .007). Adherence errors were less likely in the intervention compared with the control group (9% vs 38%, P = .002). Dosing errors were less likely in the intervention compared with the control group for prescribed (5% vs 48%, P < .001) and as-needed (16% vs 40%; P = .003) medications. Assessments were performed 3-5 d after discharge for as-needed medicines and within 1 d of projected end date (up to 2 wk after discharge) for daily dose medicines
Moderate
Yin et al 90 Medications Crosssectional study ED Within 1 d of projected end date of medication course (up to 2 wk after discharge), 32% of parents had errors in knowledge of medication dose. Seventeen percent used a nonstandard instrument (kitchen spoon). Fortyone percent made a dosing error in the prescribed dose. Parents who used teaspoon or tablespoon units (compared with milliliters) were more likely to make errors in prescribed dose. Associations were greatest in caregivers who were Spanish-speaking and had low health literacy. Using a nonstandardized instrument led to more errors and was a partial mediator in the relationship between use of tablespoon or teaspoon units and making measurement errors
Weak
Yin et al 91 Medications Crosssectional study ED Within 1 d of projected end date of medication course (up to 2 wk after discharge), 41% of parents made a dosing error. Thirty-three percent of parents received counseling with advanced strategies (teach-back, showback, pictures or drawings, demonstration). Seventy-five percent of parents received a dosing instrument. Parents who received a dosing instrument and reported use of advanced counseling strategies were less likely to make a dosing error (aOR 0.3, 95% CI 0.1-0.7, P = .004). In adjusted analyses, provision of a dosing instrument or use of an advanced counseling strategy alone were not associated with error rates Weak 
Diagnosis (3 Studies)
Researchers for 3 studies assessed parental knowledge of their child's diagnosis. 61, 82, 83 Between 70% and 79% of parents could state their child's diagnosis. 61, 82, 83 Presence of multiple diagnoses led to increased error rates. 61 
Activity Restrictions (2 Studies)
Researchers for 2 studies examined parental execution of instructions related to activity restrictions after concussion or mild traumatic brain injury. 52, 63 Between 20% and 39% of parents were nonadherent to activity-restriction instructions. 52, 63 Other restriction types (bathing, diet, school return) or restrictions related to other diagnoses were not examined in any of the studies reviewed.
Equipment (1 Study)
Researchers for 1 inpatient study examined parental knowledge of equipment instructions. 66 Knowledge scores related to various types of equipment ranged between 50% and 100% depending on equipment type.
Knowledge was highest for questions related to Broviac care and apnea monitoring and lowest for questions related to gastrostomy tube feeding (basic treatment knowledge) and total parenteral nutrition (operation and maintenance). 66 Scores were lower when the child used multiple equipment types. 66 
General (7 Studies)
Researchers for 7 studies examined parental knowledge of discharge instructions without a focus on a particular domain of care. 33, 48, 54, 64, 78, 79, 89 There was variability across studies in how parental knowledge was scored and reported, including percent of parents with total comprehension of all instructions and study-specific knowledge scales (see Table 1 ).
dIsCUssIon
In this systematic review, we found that many parents had difficulty managing the instructions they received when their child was discharged from the inpatient setting or ED. In particular, many families made medication dosing errors, had poor medication adherence, and had poor attendance at follow-up appointments. Several domains of care were understudied.
We highlighted in our review that medication dosing errors are common. Although adults often have difficulty managing their own medication instructions, 3, 11, 92 we found that parents had particular difficulty dosing liquid medications, with one-third to almost half of parents making dosing errors. 50, 75, 90, 91 Notably, because researchers for all of these studies used observed dosing assessments of parents whose children were discharged from the ED, future researchers should examine whether dosing error rates are similar after inpatient discharge.
Medication adherence errors were also prevalent. Almost one-third of lowincome families failed to pick up their child's prescriptions. 37, 74 Medication adherence errors rates by self-report were as high as 40% in a low-income, low-health-literacy population. 50 Actual adherence may be even worse because self-reported adherence often overestimates actual adherence; in 1 study, self-reported nonadherence was 0%, whereas nonadherence rates based on electronic pill box monitoring were as high as 60%. Commonly reported barriers to follow-up were having to miss work or school, health system problems (eg, having to wait in the office or lack appointments). In multivariate analysis, wanting to find out about the cause of asthma attacks, wanting to get additional medicines to prevent an asthma attack, and not having to wait for a long time in the clinic were associated with follow-up appointment attendance Although medication management was addressed in several studies, medication side effects were understudied. Side effects were poorly understood in the 1 study in which they were examined, with half of the parents making errors 53 ; this is consistent with the difficulties that adults have in understanding side effects of their own medications. 4, 93 Patients given counseling on medication side effects have been found to have lower rates of adverse drug events 94 ; researchers for future studies should examine parental understanding of medication side effects and focus on improving the way providers counsel families in this area.
Parents also frequently made errors related to managing follow-up appointment instructions. Parents who did not understand appointment instructions were more likely to miss appointments, 61 and authors of many studies found that more than half of parents missed follow-up appointments. ‡ ‡ Our findings were consistent with studies in which the difficulty adult patients have managing their own appointment-related instructions was documented. 6, 7, [9] [10] [11] In this review, we highlight important gaps in the literature related to parental management of discharge instructions. Only 2 inpatient studies were conducted by researchers who assessed understanding of return precautions, 33 50 Use of teach-back can be a key strategy in helping families navigate complicated instructions and to decrease error rates. 12, 103 This may be especially important as errors in knowledge have been shown to lead to errors in execution of instructions, 61 and families may not be aware when they do not understand instructions. 6, 11 It would be beneficial to assess parental knowledge of instructions at the time of discharge and counsel families by using health literacy-informed counseling strategies, such as teach-back, to prevent adverse outcomes at home.
Other counseling strategies may also improve management of discharge instructions. Providing tailored education sessions 51 and simply spending more time with families 54 led to improved comprehension of instructions. Video discharge instructions also led to higher knowledge levels compared with standard instruction methods. 48 Interventions with a focus on standardizing discharge instructions (eg, use of disease-specific written discharge instructions, presenting verbal counseling in a consistent manner) led to improvements in management. 33, 48, 49, 72, 83 Because standardized instructions result in improved provider counseling, 104 are preferred by parents, 105 and lead to decreased errors rates, 33, 48, 49, 72, 83 the use of such instructions should be strongly considered. Other interventions that helped families navigate the process of executing instructions also led to decreased error rates; this included scheduling appointments for patients 30, 44, 70 and assisting families in obtaining medications. 81 Finally, making follow-up reminder phone calls were also effective in reducing errors. 44, 45, 58, 70 This review has limitations. The possible risk of bias is high given that more than half of the studies included had a weak overall quality rating, mostly because of researchers using convenience sampling. 27 This sampling method may have led to an underestimation of error rates because of exclusion of weekend and evening discharges. Our review also included several studies that were cross-sectional in nature, quality improvement, and not blinded (also not given strong Quality Assessment Tool for Quantitative Studies ratings 27 ). Nonetheless, evidence from these studies is still sufficiently strong to draw the conclusion that parents have difficulty managing discharge instructions and provide the impetus for future randomized controlled trials. In addition, most studies restricted enrollment on the basis of language (ie, only including Englishor Spanish-speaking caregivers), which limits generalizability. We also examined multiple outcomes. Not only were these outcomes measured in several different ways, but they were assessed at different times as well, and therefore a meta-analysis could not be performed. No clear pattern existed, however, with regard to how or when assessments were performed and error rates. We specifically focused on caregiver knowledge and execution of discharge instructions from the inpatient and ED settings. Other settings, such as the NICU and newborn nursery, 16 -18 outpatient clinic, 19 -21 and psychiatric hospitals, [22] [23] [24] are also associated with misunderstanding of instructions and readmissions but deal with distinct populations and types of instructions and therefore deserve their own review. Lastly, although we screened several thousand records, we did not include conference abstracts or other elements of gray literature, so publication bias may be an issue.
ConCLUsIons
Many parents have difficulty managing instructions they receive when their children are discharged from the inpatient and ED settings. 
